In this paper we will consider some of the aspects related to the teaching of sustainable development within the Higher Education computing curriculum -including students' views on the relevance of this to their education, grounded on the outcome from a case study on student attitudes to this topic. 
INTRODUCTION AND GENERAL CONTEXT
Sustainable Development as a concept is established across the world, and is promulgated through a number of agencies, including the United Nations (2010). The important role of education in developing an understanding and awareness of this is seen in the work of the UNESCO agency which is the lead agency for the United Nations Decade of Education for sustainable development. This makes it a particularly timely point to consider the inclusion of Sustainable Development within HE teaching, as 2010 is a midpoint in this United Nations Decade of Education for Sustainable Development.
Within the UK, sustainable development is an established part of the Higher Education and Funding Council for England (HEFCE) strategy (Green IT Department, 2008) . A succinct characterisation of sustainable development is provided by HEFCE (2005) , itself based on a quote from the World Commission on Environment and Development (United Nations, 2010) "development which meets the needs of the present without compromising the ability of future generations to meet their own needs".
The subject of sustainable development encompasses a number of topics. The U.K. government identified four priority areas that at the time of writing are (DEFRA, 2009):
• Sustainable Consumption and Production;
• Climate Change and Energy; • Natural Resource Protection and Environmental Enhancement; • Sustainable Communities.
Computing has links and applications in many of these areas, in particular to consumption, to energy, and to communities. Furthermore, applications of IT systems can be found in all of these areas. In this paper, we will initially consider how this topic relates both to the professional development and potential professional practice for our students and how this relates directly to the issue of social responsibility. We then consider the teaching of some aspects of this topic within a first year, undergraduate IT and Professional Skills course. Finally, we report on some of the findings from a survey of students' perspectives on this topic.
SUSTAINABLE DEVELOPMENT AND PROFESSIONAL DEVELOPMENT AND PRACTICE

Professional development and practice
The environmental impact of computing has become of increasing concern. Within the UK, government bodies are beginning to recognise this and DEFRA has been implementing a green IT strategy (Green IT Department, 2008) . Furthermore, industry and professional bodies such as the British Computer Society (BCS are also recognising this. In terms of industry, employers are beginning to consider the awareness of sustainable development of potential employees (Cade, 2008) as well as the wider issues of the environmental impact of IT and the commercial and social drivers that mean there are benefits to industry taking account of these (Sustain IT, 2008) . Regarding professional bodies, the BCS includes professional practice and ethics in its code of conduct and accreditation guidance (BCS, 2001) 
Ethics and social responsibility
The teaching of professionalism and ethics, and in particular developing an appreciation of ethical dilemmas and contexts, is recognised as an important facet of the computing curriculum, as recognised by the Quality Assurance Agency in their benchmark statement for computing (QAA, 2007) . Furthermore, the impact of IT and computing on society, in particular with the Internet and the ubiquitous nature of computing within many people's lives is leading to a growing interest in the notion of social responsibility. This recognition means that these topics become an issue for curriculum design (Martin and Weltz, 1999) . Examples of some of these concerns include the impact of technology on the development of children's learning and social skills; the use of the Internet as a medium for terrorism and the distribution of pornography; the environmental costs of maintaining the infrastructure and growing demand for data. Further examples of the increasing social aspects of computing are the digital divide -both within a nation and between nations; the change in the nature of work and production -for example the move from manufacturing based to service-based knowledge economies for countries such as the UK; the increasing level of dataveillance and the potential impact on civil liberties and personal privacy. The interest in this area can be seen from the development of groups such as the "Computer Professionals for Social Responsibility" (Computer Professionals for Social Responsibility, 2009 ).
This area can also be linked in with the legal context in which professionals will function. With the growing interest in carbon footprints, and with explicit legal requirements such as the European Waste Electrical and Electronic Equipment Directive legislation, there is a growing legal framework which will have an impact on graduates' future careers.
SUSTAINABLE DEVELOPMENT IN THE COMPUTING CURRICULUM
I.T. and Sustainable Development
Within the HE computing curriculum, there are numerous places where sustainable development can be embedded (Gordon, 2006) . Topics that lend themselves to this include the need for regular updating of hardware, both client devices (such as desktop computers, laptops and other mobile devices such as mobile phones) and infrastructure (such as servers and network equipment). Hardware issues also include running costs -the electricity used by computers as well as that energy and resource used to provide a suitable environment. Students can be unaware of the large amount of energy needed to provide suitable physical environments (temperature and humidity) for server farms etc. Such topics offer opportunities to discuss the practical and ethical aspects of computing, and to consider the pros and cons from a societal perspective. Such discussions can appear to lack motivation to students, so teaching resources such as Greenpeace's photo archive (Greenpeace, 2008) of some of the worst effects of IT on the environment can bring the reality to life. Considering the UK government's priorities as listed in 2009, examples can be found within the computing curricula which address these. For example:
Sustainable Consumption and Production: as noted above, the demands for system upgrades (domestic and commercial) as well as the move to continuous provision of service (e.g. domestic devices that are always powered and available) needs to be balanced with the views of sustainable consumption and production. Server based solutions -such as Google Docs (Google Docs, 2009) Climate Change and Energy: the power consumption of IT, from data farms to individual domestic appliances fit in with this topic. Furthermore, the potential for IT use in modelling climate change, and in improving other systems (such as the logistics of transport), demonstrate ways in which technology can alleviate some problems.
Natural Resource Protection and Environmental Enhancement: in a similar way to the previous point, IT can provide ways to protect natural resources e.g. through routing and optimization of other systems to improve efficiency and reduce the damaging impact of things such as the transport (i.e. road) networks by allowing for more efficient route planning and building new transport systems that are better matched to actual needs. Sustainable Communities: examples here include the use and impact of ICT within communities, such as the changes that global communications can have, the influence of global communities and changes in patterns of work (e.g. with off-shoring of service industries, and in particular the outsourcing of software development).
STUDENTS' VIEWS ON SUSTAINABLE DEVELOPMENT TOPICS
In order to gauge the level of student awareness of, and concern about, sustainable topics and professional issues, we carried out a survey of our first year students prior to the teaching of these topics. The survey was carried out on a module with approximately 140 students, and the data summarised below is from an initial survey designed to determine student opinion prior to any teaching on professional issues or on any of the topics directly related to sustainable development.
The response rate was 27%. The cohort in question was mainly male (80%), and mainly under 29 years of age (65% < 20 years old, 24% between 20 and 29). 55% of the respondents had heard of the term sustainable development.
Are you aware of any requirements to demonstrate an awareness of social and ethical issues within your programme of study?
68
Were you aware that as a professional practitioner you will be expected to take account of the social and environmental impact of your work?
42
Do you consider it is appropriate to include content about sustainable development within the modules you attend on your specialist subject?
55
Given your subject of study, do you believe that your subject has any potential impact to any area of sustainable developmentenvironmental, social or other? 46 54 The results summarised in Table 1 demonstrate the level of awareness that new students have on entry to their course. The high proportion of students who claim they are unaware of the need to cover ethical and social issues is somewhat unexpected. For the particular course in question, students are enrolled in the BCS as student members in induction week, and the module that included this material includes "Professional issues" within the title. In spite of this, students did not expect to cover this within their study. However, they did expect to take account of it in their later work -so this may demonstrate a lack of expectation that their course would include this type of material, rather than a lack of awareness that this is relevant to their professional development and future careers. In this context, it still seems surprising that a majority of students did not think it appropriate to include this type of material in their modules and shows a disjunction with the requirements and expectations of accreditation versus the expectations of students. The last question in the table is perhaps the most astonishing -the lack of awareness of the impact of computing and IT on the environment. This may relate to assumptions about (individual) computers having low power requirements, and the relatively low cost of modern hardware. However, challenging these assumptions and developing ITALICS Volume 9 Issue 2 November 2010 ISSN: 1473-7507 awareness of the commercial and social context is something that appears to be needed for many of our students.
Within the module in question, material was taught which explored some of the aspects around sustainability and computing. The teaching included lecture material, examples and lab based activities, including calculating personal energy consumption and carbon footprints. This material included topics on:
o Life spans, time to failure and disposal of old hardware (related to the Waste Electrical and Electronic Equipment Regulations (2006)); o Power usage of computers and IT equipment: procurement and usage; o Requirements for regular updates in hardware; o Server farms and the environmental costs of supporting the Internet age.
• Sustainable finance o Software cost and licensing, globalisation and the market; o Sustainable workforces: aspects of outsourcing to overseas workforce.
• Social aspects o The impact of computers on society: are these healthy and sustainable societies.
• Ethical aspects related to the above The above topics were not taught in great detail or at the expense of what is considered as core subject content. On the contrary, they provided ways to illustrate the relevance and practical aspects of the professional and ethical issues that were previously addressed within this module. The material was used to help identify the moral choices and issues that face modern professionals -but there was no attempt to say what the right answers were. The key point from the teacher's point of view was that these students will be the next generation to make the decisions on this -and should be aware of the wider context of their decisions. The follow up survey provides an indication of the impact of these on student perceptions and views. Were you aware that as a professional practitioner you will be expected to take account of the social and environmental impact of your work? 83 (+25) 17 Do you consider it is appropriate to include content about sustainable development within the modules you attend on your specialist subject?
Given your subject of study, do you believe that your subject has any potential impact to any area of sustainable developmentenvironmental, social or other?
The response rate for the second survey was lower, but of those replying there is clearly an increase in awareness across all four questions on awareness and relevance of this topic to computing. The fact that a majority now felt it appropriate to include such material seems to indicate that they could now see the relevance of it to their study, and potentially to their future careers. The improvements in responses should be taken in the context that this group were self selecting, and relatively few in number, so any conclusions should be considered with care and allowing that the impact on those who did not respond may well have been low.
In the free field responses to the questionnaire, one of the comments is particularly illuminating, in spite of the above improvements indicated in the 
CONCLUSIONS
We have considered some aspects of the ways in which sustainable development topics can be an effective context in which to develop awareness of social responsibility in our students. Furthermore, we have seen how these topics relate directly to the professional ethos that we aim to engender in our students. In developing this awareness, we should avoid any attempt to force a particular stance or viewpoint, but there are numerous drivers for the inclusion of these topics including government, industrial and professional agendas within which we operate. The summary of student views on sustainable development identifies some of the challenges we face as teachers -where student expectations and desires can be in apparent conflict with the agendas just considered. However, these topics do offer some real world examples and case studies with which to link the technology that we teach with the professional, legal and social aspects that are expected to be a key feature of the working professional lives of our students, and the increase in awareness of these topics following some minor interventions within teaching shows that there can be gains in building this awareness.
